Understanding the role of chloroplasts in photosynthesis has been greatly increased during the past five years by experillments with chloroplasts isolated from the leaves of one species, spinach (Spinacia oleracea Linn.). Previouslv, the only experimentally documented photochemical activity of chloroplasts isolated from several species, including spinach, was the Hill reaction (18) (27) .
The new work with spinach chloroplasts has provided direct experimental eviclence for the capacity of isolated chloroplasts to assimilate CO2 photosynthetically to the level of starch and sugars (4, 5, 1, CO., assimilation in green plants is, like oxygen evolution, localized in chloroplasts, was at first asserted without the support of critical experimental evidence (22, 23) and was later abandoned because of evidence to the contrary (18, 15, 14, 21, 6) .
By fractionating spinach chloroplasts., CO., assimilation proper was shown to be a dark process (24) (11, 13, 19) , i.e., that fragment of reaction VI which represents the electron transport when it is not accompanied by ATP formation.
It was desirable to demonstrate the newly found photosynthetic capacity of isolated chloroplasts in other species besides spinach, especially since the work with spinach was used in formulating a concept of photosynthesis (7) Preliminary reports of some of these findings have been made previously (6, 31) .
METHODS
The plants were all grown in the greenhouse in water culture using the nutrient solution technique described elsewhere (3, 8) . Mature leaves were use l in preparing the chloroplasts. Broken chloroplast particles (P,, or Cl8) and chloroplast extract (CE) were madle by the methods previously described (32) . The only modification was that 0.5 molar NaCl was used instead of 0.35 molar NaCl for grinding the leaves and washing the chloroplasts in the case of sugar beet and tobacco. Chloroplasts from the other species were made in 0.35 molar NaCl. Measure-5 Drs. C. S. French and Helen M. Habermann suggested the use of this species and kindly supplied the seed. ments of chlorophyll (3), phosphorylation (10), TPN reduction (12) , and CO9 fixation (1) were made as described previously.
RESULTS
CYCLIC PHOTOPHOSPHORYLATION: Cyclic photophosphorylation (equation II) is a photochemical reaction of chloroplasts in which all the trapped light energy is converted into ATP. Cyclic photophosphorylation is not accompanied by oxygen evolution (or absorption), and is independent of CO2 assimilation. No reductant for CO2 assimilation is formed; the sole product is ATP, which is formed by esterification of inorganic phosphate (cf. review, 6).
Work with spinach chloroplasts has shown that there are two kinds of cyclic photophosphorylation, one catalyzed by FMN4 and the other by vitamin K compounds (30, 28, 32) . The FMN and vitamin K pathways, (or systems) are similar in many respects, but may be distinguished in that the FMN system is more sensitive to inhibition by o-phenanthroline and dinitrophenol than the vitamin K system (32) . Moreover, the FAMN pathway differs from the vitamin K pathway in its requirement for TPN (32) and chloride ions (7) (J. Bove, C. Bove, F. R. Whatley, and D. I. Arnon. 1959 . Manuscript in preparation.) Table I shows the two pathways of cyclic photophosphorylation in isolated chloroplasts from the different species. A dark control is shown in the FMN system, to demonstrate the strict light dependence of the process, which was also observed in experiments with the vitamin K system. NON-CYCLIC PHOTOPHOSPHORYLATION: In noncyclic photophosphorylation (equation III) ATP formation is coupled with the reduction of TPN and evolution of oxygen; the generation of the energy-rich TPNH., was measured by its absorption at 340 miu (12) , oxygen was measured matnometrically (KOH in center well), and esterification of phosphate was measured as described previously (10) . (11, 12, 13, 19, 20 Chlioroplasts fronm all the species tested have also shown a capacity for photosynthetic phosphorylation coupled with the redIuction of ferricyanide.
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